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2-DE protein expression in endometrial carcinoma
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Abstract

The objective of this study was to explore the protein expression pattern in normal endometrial mucosa (n=5) and
endometrial carcinoma (n=15) of low (diploid) and high (aneuploid) malignancy potential by two-dimensional gel
electrophoresis (2-DE). The specimens were evaluated for histopathologic subtype, stage and grade in relation to DNA
ploidy. A match-set consisting of five samples from normal endometrium, eight diploid and seven aneuploid tumours was
created. All the diploid and three of the aneuploid tumours were of endometrioid subtype, while the remaining four were of
uterine seropapillary type. There were 192 protein spots differentiating diploid tumours from normal endometrium and 238
protein spots were separating aneuploid tumours from normal endometrium (p <0.01). A cluster analysis based on 52
significantly deviating protein spots within the groups showed clustering and separation of the normal endometrium, diploid
and aneuploid tumours. In conclusion this study showed significant differences in protein expression between normal
endometrium and endometrial carcinoma as well as between endometrial carcinoma of low and high malignancy potential.
In future studies these results may provide useful in finding new sensitive prognostic markers for endometrial cancer.

Endometrial carcinoma is one of the most common
female malignancies in the western world and the
third most common in Sweden. It is considered to
have a favourable prognosis since it usually presents
at an early stage with vaginal bleeding. About 70% of
the patients present with a stage I cancer where the
5-year over all survival is 87% in large international
series [1]. In the western world stage I is even
more common. In patient material from the Depart-
ment of Gynaecologic Oncology, Radiumhemmet,
Karolinska University Hospital, Stockholm, Sweden
consisting of 376 women diagnosed between 1994 —
1995, 86% of the patients were in stage I at diagnosis
[2]. Stage, histopathology and grade are acknowl-
edged prognostic factors [1,3]. Despite excellent
survival in stage I, the majority of recurrences occur
in this stage because of its high frequency. In order to
better predict which patients are at risk of relapse

additional prognostic factors such as DNA ploidy
have been evaluated and ploidy has provided
independent prognostic information in several stu-
dies [2,4-8]. Other attempts to evaluate genetic
instability and its consequences have been made in
order to find possible future prognostic factors.
Using comparative genomic hybridisation (CGH)
[9,10] genetic aberrations as gains and losses on the
individual chromosomes could be explored. CGH
has been performed in many human neoplasias [11].
In the past decade interest has been focused on the
proteome, i.e. the complex protein expression pat-
tern including isoforms and post-translational mod-
ifications. By two-dimensional gel electrophoresis
(2-DE/ 2-D PAGE) protein expression in individual
tumours can be assessed. It is a technique, capable
of mapping thousands of polypeptides simulta-
neously in one gel [12] and provides a useful
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tool for detection of potential diagnostic and
prognostic markers [13—15]. The development of
computer-based semi-automated image analysis sys-
tems like PDQuest (BioRad Laboratories) and
MELANIE (GE Health Care Uppsala Sweden)
have made evaluation of the spots on the 2-DE gel
maps much more efficient [16,17]. Several proteins
have already been identified and can be assessed by
gel to gel matching, since information is available on
public databases reached from web sites such as the
World 2D-PAGE at the ExPASy server in Geneva,
http://au.expasy.org/ch2d/. Mass spectrometry has
become the method of choice for protein identifica-
tion following separation by 2-DE [18-23]. Protein
expression by 2-DE has been examined in numerous
tumour forms, for example breast cancer, colon
cancer, lung cancer, renal and bladder cancer,
ovarian cancer, cervical and vaginal cancer and in
one endometrial cancer study [23-36]. 2-DE and
mass spectrometry in combination seem to be of
great interest in identification of protein patterns in
cancer diagnostics and prognostics.

The aim of this study is to explore the 2-DE protein
expression pattern in normal endometrium and en-
dometrial carcinoma in relation to genetic stability
represented by diploid (low risk) and aneuploid (high
risk) features reflecting malignancy potential.

Materials and methods
Patients

Fresh tumour material and normal endometrium
were collected from women who underwent hyster-
ectomy for endometrial cancer or benign affections
during 1997 — 2003 at the Department of Obstetrics
and Gynaecology at Karolinska Hospital, Stockholm
Sweden. Only five normal endometrial specimens of
11 collected could be used for analysis due to
difficulties in dissecting enough normal endometrial
tissue from the underlying myometrium, since the
endometrial layer is extremely thin in postmenopau-
sal women. Three of these five women were pre or
peri-menopausal. The entire material was collected
by scraping the normal endometrial surface and non-
necrotic areas within the tumour [37]. This techni-
que minimised admixture of myometrium and other
types of non-endometrial tissue. Fifteen tumour
specimens with tumour material of good quality
and distinct ploidy patterns were selected. A senior
pathologist checked the quality of the samples and
only those with more than 95% tumour cells or with
normal endometrial cells respectively were included
in the analysis.

Median age at diagnosis was 74 years (range 47 —
91) in patients with endometrial carcinoma and 50

years (36, 50, 50, 55 and 64 years) in patients with
benign endometrium.

Treatment

All women with endometrial cancer underwent total
hysterectomy and bilateral salpingo-oophorectomy
prior to adjuvant radiotherapy according to routine
practice at the Department of Gynaecologic Oncol-
ogy, Radiumhemmet, Karolinska University Hospi-
tal, Stockholm, Sweden. The two oldest women in
this study had no adjuvant therapy due to severe
health problems.

Stage

All women were surgically staged according to FIGO
criteria [38] with total hysterectomy and bilateral
salpingo-oophorectomy. No routine lymph node
sampling was performed. Twelve patients were in
stage I, three in stage IIla (spread to adnex) (Table
D). No patient was in stage II or IV.

Histopathology

Histopathological subtype and degree of differentia-
tion were evaluated in the tumour specimens accord-
ing to the FIGO [38] grading system. Eleven
tumours were of the endometrioid subtype while
four were of the less common serous carcinoma
(UPSC). Eight tumours were assessed as grade 1
(well differentiated); two as grade 2 (moderately
differentiated) and five were judged as grade 3
(poorly differentiated) (Table I).

The five benign endometrial specimens were
obtained from women who had undergone hyster-
ectomy because of myoma (two), benign adnexal
tumours (two) and uterine prolapse (one).

Image DNA cytometry

DNA ploidy was performed on paraffin-embedded
tumour specimens on Feulgen stained [39] histo-
pathological sections (8 pm) using image cytometry
[40]. The staining procedure, internal standardisa-
tion and tumour cell selection were based on
methods described by Auer and Tribukait [41].
DNA distribution profiles (histograms) were
sampled from at least 100 interface nuclei of each
specimen. All DNA values were expressed in relation
to the corresponding staining controls, which were
given the value 2¢, denoting diploid DNA content.

The classification of the DNA profiles was done
according to Auer et al [42]. In the breast study
we compared the protein expression pattern in
“diploid” type I and clearly aneuploid (type IV)
(Figure 1).



Table I. Tumour data on patients included in the study.
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Ref number DNA ploidy Histopathology Stage Grade Comments
4 Diploid Endometrioid Ib 1
7 Diploid Endometrioid Ic 1
9 Diploid Endometrioid Ib 1
11 Diploid Endometrioid Ib 1
23 Diploid Endometrioid Ic 1
35 Diploid Endometrioid Ia 1 Outlier
66 Diploid Endometrioid Ia 1
69 Diploid Endometrioid Ic 2
12 Aneuploid Endometrioid Ic 1
34 Aneuploid Endometrioid Ib 2
68 Aneuploid Endometrioid Ic 3
27 Aneuploid UPSC IITa 3 Outlier
43 Aneuploid UPSC Ic 3
53 Aneuploid UPSC IIIa 3
63 Aneuploid UPSC IIIa 3
116 Benign
121 Benign
123 Benign
125 Benign
127 Benign

UPSC =uterine papillary serous carcinoma.

Specimens were selected to get fairly equal num-
bers of typically diploid and aneuploid specimens.
The study included eight diploid and seven aneu-
ploid samples.

Two dimensional gel electrophoresis

Sample collection. Samples of endometrial carcinoma
(n=15) and benign endometrium (n=5) were
obtained immediately after removal of the uterus.
Cells were collected by scraping with a scalpel from
the surface of the freshly cut tumour or normal
mucosa and transferred into 2 — 5 ml ice cold culture
medium, RPMI-1640° with 5% FCS (fetal calf
serum), 0.2 mM PMSF (phenylmethyl sulfonyl-
fluoride (Sigma)) and 0.064 mM benzamidine.
This was followed by aspiration and squirting steps
with a syringe and a 29-gauge needle to preferen-
tially release the tumour cells, which are less
attached to each other than the connective tissue
cells. A two-phase nylon filter (pore sizes of 250 pm
and 160 pm) was used to catch the remaining
stromal components and to allow the passage of
tumour cells. The validity of this method has been
evaluated previously [37].

The crude homogenised tissue with cells in culture
medium are then under laid with ice cold Percoll,
(GE Healthcare, Uppsala) centrifuged (Hettich
Rotanta/RP) for 10 minutes at 400 g (1500 rpm)
at +4°C. The cells of interest, free from connective
tissue, mucus, myometrium, blood and other con-
taminating factors, are now concentrated in the
interface between the Percoll fraction and the culture

medium fraction, containing the FCS. The interface
is collected and re-suspended in ice-cold PBS
(phosphate buffer saline, Sigma) pH 7.4 containing
0.2 mM PMSF and 0.064 mM benzamidine,
vortexed and centrifuged 3 minutes at 780 g (2100
rpm) and a second time, 5 minutes at 2755 g (4000
rpm). The cell pellet was stored in -70°C until cell
extraction and sample preparation.

Sample prepararion. The cells were extracted by
osmotic chock. Milli Q water was added to the cell
pellet and the cells were repeatedly frozen in liquid
nitrogen and thawn four times. Protease inhibitors
DNAse/RNAse (Worthington Biochemicals), redu-
cing and solubilizing agents, B-Mercaptoethanol
(Merck) and SDS, sodium dodecylsulfate (BioRad),
were added. The protein cell extraction is lyophilised
4 — 6 hours. Lysis buffer (containing 7 M Urea
(BioRad), 2M Thiourea (Riedel-de Haen), 65mM
Dithiotreitol (DTT, BioRad), 1 M Titriplex III
(Merck), 1.5% CHAPS, zwitterion detergent, 3-
((3-cholamidopropyl)dimethyl ammonio)-1-propan
sulfonate (Sigma)), 0.5% NP-40 (USB,USA), 5%
Resolyt 4-8 (BDH Electran), 3.5 mM NaOH
(Merck), 0.0001% PMSF, 0.01% Benzamidine
(Sigma), 0.01% BHT, 2,6-di-tert,-butyl-4-methyl-
phenol (Sigma)) were added and the samples
thoroughly shaken for 3 hours at room temperature
followed by a 15 minutes centrifugation at 13 400 g
using a Eppendorf centrifuge, 5417R, Eppendorf.
The solubilized proteins were enriched and collected
in the supernatant and aliquoted.
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Figure 1. Diploid cell population, b. Aneuploid cell population by image cytometry.

Protein quantification. Protein concentrations of sam-
ples were determined by adding 25 pL. concentrated
assay reagent (Bio-Rad) to 1 pL solubilized sample
diluted in 100 pL Milli-Q water using 96-
well microtiterplates [43]. A standard curve
was constructed using different concentrations of
bovine serum albumin. The plate was read using a
Multiscan reader (Labsystems).

2-DE gel electrophoresis.

Polypepride separation by first dimension isoelectric
focusing (IEF). 2-DE gel electrophoresis was per-
formed as described by Franzén et al. [37] and
Okuzawa [44]. Before application, all samples were
diluted with rehydration buffer containing 7 M urea,
2 M thiourea, 65 mM 3-(3-chloramidopropyl)
dimethylammonio-1-propanesulfonate ~ (CHAPS),
0.5% immobilised 4 — 7 pH gradient (IPG)
buffer, 0.3% dithiothreitol (DTT) and a trace of

bromophenol blue. Seventy five micrograms protein
of each sample was diluted in 300 pl rehydration
buffer and applied to precast IPG strips (pH 4 — 7,
17 cm; Bio-Rad) for isoelectric focusing. The
solubilized proteins were actively rehydrated into
the IPG strips during 12 h at 20°C in a PROTEAN
IEF Cell (Bio-Rad) and focused, reaching approxi-
mately 52 900 Vh (volt hour). Before entering the
second dimension the strips were subsequently
equilibrated in two steps, 15 min each, with 50
mM Tris-HC], pH 8.8, in 6 M urea, 30% glycerol
and 2% SDS. One percent DTT was included in the
first and iodoacetamide (2.5%) in the second
equilibration step.

Polypeptide separation by second dimension SDS
PAGE. The SDS-PAGE gels cast were slab gradient
gels, 10 — 13% with piperazinediacrylamide, PDA,
(BioRad) as a cross linker and the gel size were 1.5 x
200 x230 mm. The IPG strips were carefully



applied on top of the gels and fixed in position with a
warm 0.5% agarose (Sigma) overlay. Electrophoresis
was carried out at constant power 100 V reaching
approximately 42 000 Vh. For image analysis, gels
were stained with silver nitrate [45,46].

Scanning, image analysis and statstical analysis.
2-DE gels were scanned at 84.7 x 84.7 pm resolution
using a GS-710 imaging flatbed densitometer
(BioRad). Data were analysed using PDQuest soft-
ware 7.1.1 from BioRad [47], polypeptide spots
from benign mucosa, diploid and aneuploid tumours
were matched to spots in the reference gel (“master”
gel). Spot intensities were normalised, background
was subtracted, spots were located, and the relative
staining intensities were determined. Several known
proteins served as landmarks to facilitate the gel
matching.

A principal component analysis (PCA) was per-
formed on the 20 gels to screen for outliers and
clusters [48]. Spot data from the PDQuest gel
analysis package was transferred to the Spotfire
statistical software (DecisionSite for Functional
Genomics; www.spotfire.com). PCA is effective for
identifying discriminating features in a data set by
finding two or three linear combinations of the
original features that best summarise the variation
in the data. If a majority of the variation is captured
by these two or three most significant principal
components, group membership of many data points
can be observed.

Statistical analysis

Spots were identified by a Boolean analysis of
quantitative and qualitative changes combined with
the non-parametric Mann-Whitney U-test (p <
0.01). The analyses included comparisons between
normal (N) vs. endometrioid diploid (diplCa) can-
cer, normal vs. aneuploid cancer (aneuCa) and
endometrioid diploid vs. aneuploid cancer on a
99% level of significance in the non-parametric
Mann-Whitney U-test. In order to detect only those
proteins that characterise each of the three groups
Boolean analyses combining the calculations men-
tioned above were created and proteins in the
overlapping area of N vs. diplCa and N vs. aneuCa
were excluded. Principal component analyses were
used to separate/ cluster the disease sub entities.

Results

The match-set consisted of 20 samples, five benign
endometrial samples and 15 malignant tumours.
Eight tumours were endometrioid and diploid. The
seven remaining aneuploid specimens consisted of
three endometrioid tumours and four UPSC.

2-DE protein expression in endometrial carcinoma 689

Data on ploidy, histopathologic subtype, stage and
grade in the fifteen tumours and the normal material
are summarised in Table I. Ploidy histograms of a
typical diploid and aneuploid specimen are shown in
Figure 1.

In the 2-DE gels an average of 1876 spots/ gel
could be resolved.

After 2-DE analysis and subsequent PDQuest
evaluation a principal component analysis (PCA)
was applied to the entire data set in order to identify
outliers and define clusters. Using the entire match-
set data, spotfire statistical analysis visualised the
relationship between diploid tumours, aneuploid
tumours and benign endometrial tissue in a three-
dimensional PCA plot. Two samples, CP 35 (di-
ploid) and CP 27 (aneuploid) were falling out of the
pattern and considered as “outliers”. The aberrant
location of these two samples was evaluated as an
error in handling of specimens or admixture of
irrelevant cells (myometrium or blood cells) and
the samples were excluded from further analysis.

Statistical analysis by means of Mann Whitney test
with a 99% significance level showed that there were
192 spots differentiating diploid tumours from
normal mucosa. When comparing aneuploid tu-
mours to normal mucosa in the same way, 238 spots
separated them (Figure 2). Forty-two spots sepa-
rated aneuploid tumours from diploid. A Boolean
analysis was used to find those spots that exclusively
defined differences between normal endometrium,
diploid and aneuploid tumours. By this method 83
spots were found in the diploid tumours but not in
the aneuploid ones while 129 spots were expressed in
the aneuploid tumours but not among the diploid
ones. The PCA-cluster analysis based on 52 selected
highly representative spots deviating in the three
subentities gave a distinct separation of the three
subgroups (Figure 3). In a screen shot from the
PDQuest analysis software the expression of one of
the 52 spots (spot SSP 7123) was seen throughout
all the members of the match-set, differentially
expressed in benign, diploid and aneuploid cancer
(Figure 4).

The heterogeneity of each subgroup and within all
members of the match-set was assessed by a
correlation analysis (Figure 5). When comparing
two normal gels the correlation coefficient (r) was
0.76 (range within entire subgroup: 0.70 — 0.82),
which represents a high correlation between the
samples. In contrast, the r-value of a diploid cancer
compared to a normal sample was 0.36 (range 0.28
— 0.37) and only 0.20 (range 0.19 — 0.22) when
comparing a normal sample to an aneuploid tumour.
The mean correlation coefficients values within the
diploid and aneuploid groups were 0.67 (range 0.63
— 0.71) and 0.64 (range 0.59 — 0.66) respectively.
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Figure 2. a. 2-DE master image. Black spots are protein spots.
The white markings (x) are the 192 spots differentiating normal
from diploid samples by Mann-Whitney test with 99% signifi-
cance level. b. 2-DE master image showing 238 spots (white x)
differentiating normal from aneuploid samples by Mann-Whitney
test with 99% significance level

Discussion

During the last decades great effort has been
made to find markers that could separate low-risk
from high-risk endometrial carcinoma. Stage, histo-
pathology and grade of differentiation are the

acknowledged prognostic factors [3], but many
tumours relapse in a way that was not anticipated.
In order to better predict which patients are at risk of
relapse additional prognostic factors like DNA
ploidy have been evaluated. DNA ploidy is a method
of assessing genetic imbalances. The diploid tumour
is supposed to be more stable and less prone to
spread while the aneuploid tumours with their
scattered ploidy pattern are less stable and associated
with more aggressive tumours. Ploidy has been
evaluated as prognostic factor in a number of studies
and shown to be an independent prognostic factor in
some of these [2,4—8]. Still only a limited number of
aneuploid tumours relapse [2,5] which does not
make it an optimal prognostic factor. Other attempts
to evaluate genetic instability or its consequences
have been made in order to find possible future
prognostic factors. Sub-chromosomal aberrations
have been explored in different tumour forms
[11,49,50]. In endometrial cancer the most frequent
aberrations found are gains at chromosomes 1q and
8q [49,50].

In the last decade interest has been focused on the
proteome, i.e. the complex protein expression pat-
tern including isoforms and post-translational mod-
ifications that is the result of transcription of
the genetic information in the cell. 2-DE protein
expression in individual tumours can be assessed,
followed by mass spectrometric identification of
individual proteins. There are great expectations
that different protein patterns in normal cell popula-
tions and tumour cell populations of low and high
malignancy potential could, in the future, be used as
both diagnostic, prognostic and treatment predictive
tools.

The present study has shown highly significant
differences in protein expression between benign
endometrial tissue and endometrial carcinoma. Also
strong significant differences were found between
genetically stable tumours (diploid) with low malig-
nancy potential and more genetically unbalanced
(aneuploid) tumours with a high malignancy poten-
tial. In this study, 52 protein spots that deviated
between the three groups (benign, diploid and
aneuploid) could be selected which enabled cluster-
ing of all match-set members correctly. In a previous
2-DE protein expression study by Byrjalsen et al the
expression of protein profiles of metabolically (>>S)-
methionine-labelled proteins in endometrial carci-
noma has been studied. In this study 19 protein
spots in five endometrial carcinomas showed in-
creased expression compared to benign hyperplasia
[36].

In the present study the homogeneity between
individual samples was high within the groups of
benign, diploid and aneuploid tumours respectively
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Figure 3. PCA plot of the protein expression data of the 52 spots able to group all match-set members. The normal cohort (green), diploid
endometrioid cancer (yellow) and aneuploid endometrioid/UPSC cancer (red).

while there was a distinct heterogeneity between
members of the different groups. This is also found
in a study of normal mucosa, polyps and adenocar-
cinoma of the colon [23].

In colon cancer differential expression patterns of
normal mucosa, polyps and adenocarcinoma have
been defined [23,25-27]. Roblick et al. found
relative differences in protein expression levels be-
tween normal colon mucosa, adenoma, carcinoma

and metastasis in tissue collected from the same
patient [23]. Statistically significant protein expres-
sion differences during the development from nor-
mal mucosa via polyp to cancer and/or metastasis
were excised and 72 spots could be analysed by mass
spectrometry. Cervical and vaginal cancers are
shown to be homogeneous in their protein expres-
sion, which points at a common carcinogenesis [35].
This is in contrast to ovarian cancer where pairs of
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Figure 4. Screen shot from the PDQuest analysis software showing the inter-individual expression of Spot SSP 7123 through all the match-
set members. The arrow lines separate the three sub-entities. The histogram shows the expression levels of the spot SSP 7123 throughout all
gels. The highest expression levels are found in the aneuploid cancers (red columns).
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Figure 5. a—c: a. Scatter plot representing the correlation coefficient between two normal tissue samples (A and B) with r =0.76 (range:
0.70 — 0.82). b. In contrast the r-value of one example normal vs. diploid endometrioid cancer showed 0.36 (range: 0.28 — 0.37) and c. 0.20
(range: 0.19 — 0.22) for the correlation between normal and aneuploid cancer.

different ovarian cancers have large heterogeneity
[51] and breast cancer where diploid and aneuploid
tumours show high heterogeneity within each group
[24]. In lung cancer it was shown that different
histopathological subtypes exhibit specific protein
expression patterns [28,29]. Protein expression in
benign ovarian tissue, borderline and ovarian cancer
has been defined and it was possible to discriminate
between benign and malignant samples using a set of
nine proteins [30,31]. In renal cancer protein
expression profiles were investigated and specific
proteins were found exclusively expressed in normal

or malignant tissue respectively [32,33]. Proteomics
is also used in bladder cancer diagnostics and follow
up [34].

The next step in this investigation is to perform a
mass spectrometric analysis in order to identify the
proteins separating normal endometrium from en-
dometrial cancer and diploid tumours from aneu-
ploid ones.

After identification of the differentially expressed
proteins these data can be used to create protein sets
characteristic of normal endometrium, endometrial
carcinoma of high and low malignancy potential.



The prognostic capacity of these sets could then be
evaluated in larger patient materials.

Conclusion

This study showed highly significant differences in
protein expression between normal endometrium
and endometrial carcinoma as well as between
endometrial carcinoma of low (diploid) and high
(aneuploid) malignancy potential. After protein
identification the 52 proteins that are able to provide
a tight clustering in each group (benign, diploid and
aneuploid) could have the potential of being used to
create a prognostic marker-panel for endometrial
carcinoma.
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